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(54) Reader and/or writer apparatus, power feeding system, and communication system 



(57) A reader and/or writer apparatus, a power feed- 
ing system and a power feeding and communication 
transmission and/or reception system in a proximate 
wireless card system arranged so that power which sat- 
isfies the requirement of the Radio Law (500 uvVm at a 
distance of 3 m from the reader and/or writer apparatus) 
regarding the radiated electric field is supplied suffi- 
ciently from the reader and/or writer apparatus to the 
proximate wireless card (IC card). The reader and/or 



writer apparatus (1) has a spirally shaped or coil- 
shaped antenna (101b) for generating electromagnetic 
fields both to supply operational power to an IC card (2) 
and to perform transmission and/or reception of signals 
for communication to and/or from the IC card (2) and a 
conductor member (101c) for forming a mirror image of 
the antenna on its back side. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a reader and/or s 
writer apparatus, a power feeding system and a com- 
munication system for performing power feeding for 
proximate wireless operation and communication 
between, for instance, a cash dispenser, electronic 
money, an automatic ticket checking system, a room 10 
entrance/exit management system or a pay telephone 
and a proximate wireless card, such as a cash card, a 
credit card, a passenger ticket, a commuting ticket, a 
coupon ticket, a control card, an IC card, a license or a 
telephone calling card. 75 

It is already known that, by using light or a magnetic 
field, electric power can be supplied in a non-contact 
manner from the power feeding side to a proximate 
wireless card (IC card). 

For example, Japanese Patent No. 2626882 (JP-A- so 
8-263609) discloses a technique related to disposing a 
metal plate on a back of a coil-shaped antenna to pre- 
vent wrong operation such as reading card data from a 
back of a non-contact card reader, especially a tech- 
nique for adjusting a distance between the metal plate 25 
and the coil -shaped antenna in consideration of the fact 
that the resonant frequency shifts when the metal plate 
is disposed. 

In non-contact card systems (proximate wireless 
card systems), cash cards, credit cards, passenger tick- 30 
ets. commuting tickets and the like for use at the gates 
of railway stations, on buses and exit/entrances are 
made as IC cards. When the user of such an IC card 
causes the IC card to pass in a non-contact manner 
through a reader/writer provided at the gate of a railway 35 
station, on a bus or at an exit/entrance, a power feeding 
wave or a communication wave is radiated from a coil or 
an antenna of the reader and/or writer, this electromag- 
netic wave is received and induced by a coil or an 
antenna on the card side to actuate a circuit on the card 40 
side and to detect a signal. In this case, an electric field 
radiated from the coil or antenna of the reader and/or 
writer should satisfy the requirement of the Wireless 
Telegraphy Act (500 ^V/m at a distance of 3 m from the 
reader and/or writer). 45 

However, there is involved the problem that, as the 
aforementioned requirement of the Wireless Telegraphy 
Act (500 nV/m at a distance of 3 m from the reader 
and/or writer) regarding the radiated electric field deter- 
mines the upper limit of the amperage of the coil or so 
antenna for the reader and/or writer and hence the 
upper limit of power feeding, it is difficult to feed suffi- 
cient power to the IC card. That is. there is involved the 
problem that sufficient power feeding from the reader 
and/or writer to the IC card at a desired distance from 55 
the reader and/or writer and suppression of a far field 
prescribed in the Wireless Telegraphy Act is difficult. 
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SUMMARY OF THE INVENTION 

In order to solve the aforementioned problems, a 
first object of the present invention is to provide a reader 
and/or writer apparatus, a power feeding system and a 
communication system in a proximate wireless card 
system arranged so that power which satisfies the 
requirement of the Wireless Telegraphy Act (500 uA//m 
at a distance of 3 m from the reader and/or writer appa- 
ratus) regarding the radiated electric field can be sup- 
plied sufficiently from the reader and/or writer apparatus 
to the proximate wireless card (IC card). 

A second object of the invention is to provide a 
reader and/or writer apparatus, a power feeding system 
and a communication system in a proximate wireless 
card system which performs high-efficiency power feed- 
ing by making acceptable an error in the positioning of 
the IC card proximate to an antenna provided on the 
reader and/or writer apparatus. 

In order to achieve the first object, according to one 
aspect of the present invention, a reader and/or writer 
apparatus has of a spirally shaped or coil-shaped 
antenna for generating an electromagnetic field to sup- 
ply operational power to an IC card, and a conductor 
member for forming a mirror image of the antenna. 

According to another aspect of the present inven- 
tion, a reader and/or writer apparatus has a spirally 
shaped or coil-shaped antenna for generating electro-; 
magnetic fields both to supply operational power to an 
IC card and to transmit and/or receive signals for com- 
munication to/from the IC card, and a conductor mem- 
ber for forming a mirror image of the antenna. 

The just-mentioned the reader and/or writer appa- 
ratus according to the present invention comprises a 
power supply for generating a signal for power feeding, 
an encoding circuit for encoding inputted transmit data, 
a modulator for amplitude-modulating the signal 
obtained from the power supply with a signal obtained 
from the encoding circuit so that the signal obtained 
from encoding circuit is superimposed on the signal 
obtained from the power supply, and a power feeding 
circuit for feeding power to an antenna on the basis of a 
signal obtained from the modulator. 

According to still another aspect of the present 
invention, a reader and/or writer apparatus has a spi- 
rally shaped or coil-shaped antenna for generating an 
electromagnetic field to supply operational power to an 
IC card and a spirally shaped or coil-shaped image 
antenna which constitutes a mirror image of the former 
antenna. 

According to yet another aspect of the present 
invention, a reader and/or writer apparatus has a spi- 
rally shaped or coil-shaped antenna for generating elec- 
tromagnetic fields both to supply operational power to 
an IC card and to transmit and/or receive signals for 
communication to/from the IC card and a spirally 
shaped or coil-shaped image antenna which constitutes 
a mirror image of the former antenna. 
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The just-mentioned reader and/or writer apparatus 
according to the invention comprises a power supply for 
generating a signal for power feeding, an encoding cir- 
cuit for encoding inputted transmit data, a modulator for 
amplitude-modulating the signal obtained from the 
power supply with a signal obtained from the encoding 
circuit so that the signal obtained from encoding circuit 
is superimposed on the signal obtained from the power 
supply, and a power feeding circuit for feeding power to 
an antenna and an image antenna on the basis of a sig- 
nal obtained from the modulator. 

According to yet another aspect of the present 
invention, a power feeding system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card, for converting, in the IC 
card, the fed power to a D.C, voltage and for supplying 
this D.C. voltage to an internal circuit of the IC card, is 
provided wherein the reader and/or writer apparatus 
has a spirally shaped or coil-shaped antenna for gener- 
ating an electromagnetic field to supply operational 
power to the IC card and a conductor member for form- 
ing a mirror image of the antenna. 

According to still another aspect of the present 
invention, a communication system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card and for performing trans- 
mission and/or reception of signals for communication 
to and/or from the IC card, is provided wherein the 
reader and/or writer apparatus has a spirally shaped or 
coil-shaped antenna for generating an electromagnetic 
field both to supply operational power to the IC card and 
to perform transmission and/or reception of signals for 
communication to and/or from the IC card and a con- 
ductor member for forming a mirror image of the 
antenna. 

According to yet another aspect of the present 
invention, a power feeding system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card, for converting, in the IC 
card, the fed power to a D.C. voltage and for supplying 
this D.C. voltage to an internal circuit of the I C card, is 
provided wherein the reader and/or writer apparatus 
has a spirally shaped or coil-shaped antenna for gener- 
ating an electromagnetic field to supply operational 
power to the IC card and a spirally shaped or coil- 
shaped image antenna which constitutes a mirror image 
of the former antenna. 

According to still another aspect of the present 
invention, a communication system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card and for performing trans- 
mission and/or reception of signals for communication 
to and/or from the IC card, is provided wherein the 
reader and/or writer apparatus has a spirally shaped or 
coil-shaped antenna for generating an electromagnetic 
field both to supply operational power to the IC card and 
to perform transmission and/or reception of signals for 
communication to and/or from the IC card and a spirally 



shaped or coil-shaped image antenna which constitutes 
a mirror image of the former antenna. 

In the just-mentioned communication system, the 
reader and/or writer comprises a power supply for gen- 
5 erating a signal for power feeding, an encoding circuit 
for encoding inputted transmit data, a modulator for 
amplitude-modulating the signal obtained from the 
power supply with a signal obtained from the encoding 
circuit so that the signal obtained from encoding circuit 

io is superimposed on the signal obtained from the power 
supply, and a power feeding circuit for feeding power to 
an antenna and an image antenna on the basis of a sig- 
nal obtained from the modulator. 

According to still another aspect of the present 

is invention, a reader and/or writer apparatus has an 
antenna for generating an electromagnetic wave to feed 
power to an I C card, and a conductor member disposed 
so that a ■ tan 0 is 0.2 or less where a is a dimension of 
the antenna in a position where the distance between 

so an outermost element of the antenna and an edge of 
the conductor member is minimum and 9 is an angle 
formed between the conductor member and a line 
which connects the outermost component of the 
antenna with the edge of the conductor member. 

25 In the just-mentioned reader and/or writer appara- 
tus, the antenna both feeds power to the IC card and 
performs transmission and/or reception of a communi- 
cation signal to and/from the IC card. 

According to still another aspect of the present 

so invention, a power feeding system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card, for converting, in the IC 
card, the fed power to a D.C. voltage and for supplying 
this D.C. voltage to an internal circuit of the IC card, is 

35 provided wherein the reader and/or writer apparatus 
has an antenna for generating an electromagnetic field 
to supply operational power to the IC card and a con- 
ductor member disposed so that a • tan 6 is 0,2 or less 
where a is a dimension of the antenna in a position 

40 where the distance between an outermost component 
of the antenna and an edge of the conductor member is 
minimum and 6 is an angle formed between the conduc- 
tor member and a line which connects the outermost 
component of the antenna with the edge of the conduc- 
es tor member. 

According to still another aspect of the present 
invention, a communication system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card and for performing trans- 

so mission and/or reception of signals for communication 
to and/or from the IC card, is provided wherein the 
reader and/or writer apparatus has an antenna for gen- 
erating an electromagnetic wave to feed power to the IC 
card, and a conductor member disposed so that 

55 a • tan 0 is 0.2 or less where a is a dimension of the 
antenna in a position where the distance between an 
outermost element of the antenna and an edge of the 
conductor member is minimum and e is an angle formed 
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between the conductor member and a line which con- 
nects the outermost component of the antenna with the 
edge of the conductor member. 

According to a feature of the present invention, a 
spirally shaped or coil-shaped antenna for generating 
an electromagnetic wave to feed power to an IC card 
and a conductor member for forming a mirror image of 
the antenna to suppress an electric field intensity at a 
position at least 3 meters distant from the antenna, are 
provided. 

According to another feature of present invention, a 
spirally shaped or coil-shaped antenna for generating 
an electromagnetic wave both to feed power to an IC 
card and to perform transmission and/or reception of a 
communication signal to and/or from the IC and a con- 
ductor member for forming a mirror image of the 
antenna to suppress an electric f ield intensity at a posi- 
tion at least 3 meters distant from the antenna. 

According to still another aspect of the present 
invention, a power feeding system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card, for converting, in the IC 
card, the fed power to a D.C. voltage and for supplying 
this voltage to an internal circuit of the IC card, is pro- 
vided wherein the reader and/or writer apparatus has a 
spirally shaped or coil-shaped antenna for generating 
an electromagnetic wave to feed power to the IC card 
and a conductor member for forming a mirror image of 
the antenna to suppress an electric field intensity at a 
position at least 3 meters distant from the antenna. 

According to still another aspect of the present 
invention, a communication system for feeding power, 
using electromagnetic waves, from a reader and/or 
writer apparatus to an IC card and for performing trans- 
mission and/or reception of signals for communication 35 
to and/or from the IC card, is provided wherein the 
reader and/or writer apparatus has a spirally shaped or 
coil-shaped antenna for generating an electromagnetic 
wave both to feed power to the IC card and to perform 
transmission and/or reception of a communication sig- 40 
nal to and/or from the IC and a conductor member for 
forming a mirror image of the antenna to suppress an 
electric field intensity at a position at least 3 meters dis- 
tant from the antenna. 

In order to achieve the second object, according to 45 
an aspect of the present invention, a power feeding sys- 
tem for feeding power, using electromagnetic waves, 
from a reader and/or writer apparatus to an IC card, for 
converting, in the IC card, the fed power to a D.C. volt- 
age and for supplying this voltage to an internal circuit of so 
the IC card, is provided wherein the outermost dimen- 
sions of a spirally shaped or coil -shaped antenna, pro- 
vided in the reader and/or writer apparatus, for 
generating an electromagnetic field to supply opera- 
tional power to the IC card is smaller than the outermost 55 
dimensions of a spirally shaped or coil-shaped image 
antenna formed in the IC card. 

According to another aspect of the present inven- 



tion, a communication system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus to an IC card and for performing transmission 
and/or reception of signals for communication to and/or 
from the IC card, is provided wherein outermost dimen- 
sions of a spirally shaped or coil-shaped antenna, pro- 
vided in the reader and/or writer apparatus, for 
generating electromagnetic waves both to supply oper- 
ational power to the IC card and to perform transmission 
and/or reception of signals for communication to and/or 
from the IC card is smaller than outermost dimensions 
of a spirally shaped or coil-shaped image antenna 
formed in the IC card. 

As has been explained above, according to the 
above-described configuration, in a reader and/or writer 
for feeding power to a proximate IC card, using electro- 
magnetic waves (wireless), it is possible to feed, from an 
antenna of the reader and/or writer to the IC card, power 
which satisfies the requirements of the Radio Law in 
every direction and moreover operates the proximate IC 
card stably. 

Also, according to the above-described configura- 
tion, in a power feeding system for feeding power from a 
reader and/or writer to a proximate IC card, using elec- 
tromagnetic waves (wireless), it is possible to feed, from 
an antenna of the reader and/or writer to the IC card, 
power which satisfies the requirements of the Radio 
Law in every direction and moreover operates the prox- 
imate IC card stably. 

Also, according to the above-described configura- 
tion, in a reader and/or writer for performing power feed- 
ing and communication to a proximate IC card, using 
electromagnetic waves (wirelessly) from a single 
antenna, it is possible to feed, from an antenna to the IC 
card, power which satisfies the requirements of the 
Radio Law in every direction and moreover operates the 
proximate IC card stably to thereby perform stable com- 
munication. 

Also, as in the above-described configuration, by 
providing a conductor plate under the antenna, a shield- 
ing effect is achieved, which ensures stable operation 
free from the effect of the electromagnetic waves 
(noise) even if a high-frequency electronic circuit is pro- 
vided further under the conductor plate. 

As in the above arrangement, by making smaller 
the outermost size of the spirally shaped or coil-shaped 
antenna for generating an electromagnetic field to feed 
power to the IC card provided in the reader and/or writer 
apparatus than the outermost size of the spirally or coil- 
shaped antenna formed in the IC card, an error in the 
positioning of the IC card provided close to the antenna 
provided in the reader and/or writer apparatus is accept- 
able. It is preferable from a standpoint of the number of 
magnetic fluxes which are interlinked with the antenna 
of the IC card that the outermost periphery of the 
antenna of the IC card is h or more larger than the out- 
ermost periphery of the antenna of the reader and/or 
writer apparatus where h is a commnunication distance 
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between the reader and/or writer apparatus and the IC 
card in a state where the center of the antenna of the 
reader and/or writer apparatus and the center of the 
antenna of the IC card conincide substantially. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a schematic configu- 
ration of a power feeding and communication system for 
feeding power wirelessly and also for performing com- 
munication wirelessly from a reader and/or writer unit 
(apparatus) according to the present invention to a prox- 
imate wireless card (IC card). 

FIG. 2 is a schematic of one embodiment of an 
apparatus (system) for feeding electric power wirelessly 
and for performing communication wirelessly between 
the reader and/or writer apparatus and the proximate 
wireless card (IC card) according to the invention. 

FIG. 3 illustrates the relationship between a power 
feeding wave and a modulated wave for data communi- 
cation according to the invention. 

FIG. 4 illustrates the relationship between a reader 
and/or writer antenna provided in the reader and/or 
writer apparatus and the IC card according to the inven- 
tion. 

FIG. 5 is a perspective view of a first embodiment of 
the reader and/or writer antenna provided on the reader 
and/or writer according to the invention. 

FIG. 6 is a diagram for explaining the principle of 
synthesizing magnetic fields in each of vertical direction 
and a side direction in the first embodiment of the 
reader and/or writer antenna. 

FIG. 7 is a diagram of a simulated field strength with 
a vertical distance from a reader and/or writer antenna 
of the first embodiment. 

FIG. 8 is a diagram of a simulated field intensity in a 
position 3 [m] spaced sideways from the reader and/or 
writer antenna of the first embodiment. 

FIG. 9 is a perspective view of a second embodi- 
ment of the reader and/or writer antenna provided on 
the reader and/or writer apparatus according to the 
invention. 

FIG. 10 is a perspective view of a modification of 
the second embodiment of the reader and/or writer 
antenna provided on the reader and/or writer apparatus 
according to the invention. 

FIG. 1 1 is a diagram of a simulated electric field 
intensity 3 meters spaced from a reader and/or writer 
circular-loop antenna with a conductor plate disposed. 

FIG. 12 is a diagram of a simulated electric field 
intensity 3 meters spaced from a reader and/or writer 
rectangular-loop antenna with a conductor plate dis- 
posed. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be 



described next, using the accompanying drawings. 

Described first will be a power feeding system for 
non-contact card operation and an antenna used there- 
for in a reader and/or writer of one of cash dispensers, 

5 electronic money, automatic ticket checking systems, 
and room entrance/exit control systems, etc., and an 
appropriate one of non-contact cards including cash 
cards, credit cards, passenger tickets, commuting tick- 
ets, coupon tickets, control cards, IC cards, licenses, tel- 

w ephone cards, highway toll cards and the like for use in 
the cash dispensers, electronic money, automatic ticket 
checking systems, and room entrance/exit control sys- 
tems, etc. 

FIG. 1 is a diagram illustrating a schematic conf igu- 
15 ration of a power feeding and communication system for 
feeding power and also performing communication from 
a reader and/or writer unit (apparatus) 1 according to 
the invention, for example, provided at a ticket checking 
gate, on a bus, at an entrance/exit or in a prescribed 
so place, to a non -contact card 2 (proximate wireless card: 
IC card) which is caused to pass through the reader 
and/or writer in a non-contacting manner or be brought 
close to the reader and/or writer. The non-contact card 
(proximate wireless card: IC card) 2 serves as a cash 
25 card, credit card, passenger ticket, commuting ticket or 
the like as it is caused to pass by the reader and/or 
writer provided at a ticket checking gate, on a bus. or at 
an entrance/exit with the IC card being held by its user 
in a non-contacting manner, for example, at a distance 
30 of up to about 20 cm from the reader and/or writer unit 1 
by transmitting and/or receiving wirelessly information 
on the cash card, credit card, passenger ticket, commut- 
ing ticket or the like to/f rom the reader and/or writer. The 
non -contact card (proximate wireless card: IC card) 2 
35 may also be used without contacting with the reader 
and/or writer 1 in a roughly fixed position at a compara- 
tively constant distance h of about a few cm or less from 
the reader and/or writer. In this case, by making the 
dimensions of a card antenna 201 formed on the proxi- 
mo mate wireless card 2 greater than the dimensions of an 
R/W antenna 101 provided on the reader and/or writer 
unit 1, both power feeding and transmission and/or 
reception of communication are accomplished stably by 
using electromagnetic waves (wireless) consisting of a 
<*5 power feeding wave and a modulated wave for data 
communication between the reader and/or writer 
antenna 101 and the card antenna 201 even if the card 
antenna 20 1 deviates somewhat from the reader and/or 
writer antenna 101. 
so FIG. 2 is schematic of one embodiment of an appa- 
ratus (system) for feeding electric power wirelessly and 
for performing transmission and/or reception (communi- 
cation) of information wirelessly between the reader 
and/or writer unit (apparatus) 1 and the non-contact 
55 card 2 (proximate wireless card: IC card) according to 
the invention. The embodiment of FIG. 2 illustrates per- 
forming both the feeding of power and the transmission 
and/or reception of communication using eiectromag- 
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netic waves (wirelessly) consisting of a power feeding 
wave and a modulated wave for data communication 
illustrated in FIG. 3 between the reader and/or writer 
antenna provided in the reader and/or writer unit 1 and 
the card antenna 201 formed on the proximate wireless 5 
card 2. Although a power feeding wave and a signal 
wave in such ASK modulation system are different in 
frequency component in terms of frequency region, only 
the amplitude of the power feeding wave varies with the 
signal velocity in terms of time region. In other words, a 10 
modulated wave resulting from multiplying the signal 
wave by the power feeding wave only looks like the up 
and down fluctuations of the amplitude of the power 
feeding wave in terms of time region. Though it is con- 
ceivable to transmit the power feeding wave and the sig- 75 
nal wave over separate antennas where the modulated 
wave is to be transmitted wirelessly, the inventive con- 
figuration is such that the field intensity is limited within 
the requirement of the Radio Law (500 jiV/m at a dis- 
tance of 3 m) and this modulated wave is transmitted 20 
over a single antenna (reader and/or writer antenna) 1 : 
with a view to simplifying the non-contact card (proxi- 
mate wireless card: IC card) 2. 

Thus the reader and/or writer unit 1 is provided with 
a power supply source 1 05 for generating a voltage at a 25 
high frequency of 13.56 MHz: an encoding circuit 107 
for encoding transmit data 1 06 inputted for transmission 
to the proximate wireless card 2; a modulator 108 for 
superposing (multiplying) amplitude modulation (Ampli- 
tude Shift Keying modulation) on (by) the high-fre- .30 
quency voltage of 13.56 MHz generated by the power 
supply source 105, using the signal encoded by the 
encoding circuit 107; a transmission amplifier 109 for 
amplifying the signal ASK-modulated on the high-fre- 
quency voltage of 13.56 MHz by the modulator 108: a 35. 
matching circuit (power feeding circuit) 102 including a 
capacitor 104 for coupling by inductance coupling 103 
the signal amplified via the transmission amplifier 109 
thereto, to perform impedance matching to prevent 
reflection; the reader and/or writer antenna 101 for gen- 40 
erating electromagnetic waves to feed power and trans- 
mit data to the card 2 depending on the output of the 
matching circuit 102 and for receiving data transmitted 
by an electromagnetic wave from the card antenna 201 
of the proximate wireless card 2; a filter circuit 1 10 for 45 
having the signals received by the R/W antenna 101 
matched in the matching circuit 102 and for removing 
noise components from the signal generated by the 
inductance coupling 103; a reception amplifier 111 for 
amplifying a signal obtained through the filter circuit so 
110; a demodulator 112 for demodulating the signal 
amplified by the reception amplifier 111, using the high- 
frequency voltage signal of 13.56 MHz obtained from 
the power supply circuit 105; and a decoding circuit 113 
for decoding the signal demodulated by the demodula- ss 
tor 1 1 2 and for outputting them as receive data 1 1 4. The 
transmit data 106 and the receive data 1 14 are coupled 
to a host computer 1 15 via a network. 



The non-contact card (proximate wireless card: IC . 
card) 2 is provided with the card antenna 201 for receiv- 
ing the electromagnetic waves generated from the 
reader and/or writer antenna 101 of the Reader and/or 
writer unit 1 to perform power feeding and data trans- 
mission, and for generating an electromagnetic wave 
corresponding to load switching-modulated transmit 
data; a wireless chip 202 having a matching and rectify- 
ing circuit 203 for rectifying the power of 13.56 MHz 
received by the card antenna 201 and for impedance- 
matching the transmit and/or receive signals, a power 
supply circuit 204 for supplying a constant D.C. voltage 
power supply 205 of about 2 to 5 V in about 5 mW from 
the rectified induced voltage from the matching and rec- 
tifying circuit 203, a clock extracting circuit 206 for 
extracting a clock signal from the receive signal 
obtained from the matching and rectifying circuit 203, an 
LPF circuit 207 for removing noise components from the 
receive signal obtained from the matching and rectifying 
circuit 203, a waveform shaping circuit 208 for wave- 
form-shaping the receive signal obtained from the LPF 
circuit 207, and a load switching-modulating circuit 209 
for load switching-modulating a transmit signal, for giv- 
ing the modulated signal to the matching and rectifying 
circuit 203 for matching purposes and for supplying the 
matched signal to the card coil 201; and a chip 210 
including a CPU (CPU + interface) having a frequency 
dividing circuit 211 for generating a signal which is fre- 
quency-divided on the basis of the clock signal 
extracted by the clock extracting circuit 206 of the wire- 
less chip 202 and for operating a microcomputer 214, a 
decoding circuit 212 for decoding the signal obtained 
from the waveform shaping circuit 208 of the wireless 
chip 202 and for inputting this signal to the microcom- 
puter (CPU) 214 as decoded data (receive data), an 
encoding circuit 216 for encoding transmit data 
obtained from the microcomputer 214 and for inputting 
the encoded data to the load switching-modulating cir- 
cuit 209 of the wireless chip 202, and the microcom- 
puter (CPU) 214 of H8 or the like, with a built-in memory 
for storing information as a card, for processing transmit 
and/or receive data and for transferring data to and from 
the memory, and for receiving the stable power supply 
205 from the power supply circuit 204 of the wireless 
chip 202. . 

The use of the reader and/or writer antenna 101 
and the card antenna 201 for feeding power on an elec- 
tromagnetic wave (wirelessly) is intended to improve the 
efficiency of power feeding by electromagnetic induction 
utilizing magnetic coupling. Where a spirally shaped 
antenna 201 is formed on the proximate wireless card 2, 
there is an advantage of resisting deformation of the 
proximate wireless card 2. Both the reader and/or writer 
antenna 101 and the card antenna 201 may take the 
form of a coil. 

As has been described above, in the proximate 
wireless card system, by bringing the non -contact card 
(proximate wireless card: IC card) 2 close to the reader 
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and/or writer 1 , for example, at a comparatively constant 
distance h of about a few cm or less, power is fed wire- 
lessly and also transmission/reception of information 
(communication) is also accomplished wireiessly 
between the reader and/or writer unit 1 and the non- 
contact card 2. Thus, in the proximate wireless card sys- 
tem, a power feeding wave or a communication wave is 
radiated from the reader and/or writer antenna 101, and 
this electromagnetic wave is received and induced by 
the spirally shaped or coil-shaped antenna 201 on the 
card side to operate the card side circuit to detect a sig- 
nal. 

Now, in the proximate wireless card system, when 
the non-contact card (proximate wireless card: IC card) 
2 is brought close to the reader and/or writer 1 at a com- 
paratively constant distance h of about a few cm or less 
and used, as illustrated in FIG. 4, the spirally shaped 
antenna 101 to be used in the reader and/or writer 1 is 
configured by forming, over an insulating substrate 
101a, a spirally shaped or coil-shaped antenna 1 01b of 
a filmy conductor having an outer rectangular shape 
whose outermost contour measures 25 mm to 75 mm. 
In this case, it is sufficiently small relative to a wave- 
length of 22 m determined by a service frequency of 
13.56 MHz, and the current distribution on the antenna 
is considered to be substantially uniform. As a result, a 
high electric field and a high magnetic field are gener- 
ated in the side and vertical directions, respectively, of 
the antenna. 

In this case, if the non-contact card 2 with a spirally 
shaped or coil-shaped antenna 201 mounted in the ver- 
tical direction is brought at a distance h of about a few 
cm or less from the reader and/or writer, the power feed- 
ing wave or the signal wave can be transmit- 
ted/received. This communication distance can 
increase up to about 20 cm depending on the ability of 
the system. However, if the radiated electric field is lim- 
ited to within the requirement of the Radio Law (500 
nV/m at a distance of 3 m), the upper limit of the amper- 
age to be fed to the spirally shaped antenna or coil 1 01 b 
for the reader and/or writer is determined, the upper 
limit of the intensity of the magnetic field necessary for 
power feeding is determined, and hence the upper limit 
of power feeding is limited. 

Therefore, it is desired that the antenna 101 to be 
used in the reader and/or writer 1 satisfy the require- 
ment of the Radio Law (500 ji V/m at a distance of 3 m) 
regarding the radiated electric field and moreover make 
possible sufficient power feeding to the non-contact 
card (proximate wireless card: IC card) 2. 

Described next will be embodiments of the antenna 
101 provided on the reader and/or writer 1 according to 
the present invention, which satisfies the requirement of 
the Radio Law (500 u V7m at a distance of 3 m) regard- 
ing the radiated electric field and moreover makes pos- 
sible sufficient power feeding to IC card 2. 

First will be described a first embodiment of the 
antenna 101 provided on the reader and/or writer 1 



according to the invention. FIG. 5 illustrates the first 
embodiment of the antenna 101 provided on the reader 
and/or writer 1 according to the invention. As the first 
embodiment of the antenna 101 to be used on the 

5 reader and/or writer 1 , it is configured by forming, on an 
insulating substrate 101a, the spirally shaped or coil- 
shaped antenna 101b of a filmy conductor having an 
outer rectangular shape whose outermost contour 
measures 25 mm to 75 mm, and providing, on the back 

w side of this substrate 101a, a conductor plate (metal 
plate) 101c of Cu or the like, which forms a mirror image 
91 of the antenna 1 01 b at a close distance of d = about 
20 mm or less to the antenna 101b. The conductor plate 
(metal plate) 101c is grounded to stabilize the electric 

15 potential. The conductor plate 1 01c is preferably made 
of a metal easy to form the mirror image 91 and having 
low resistance such as Cu or Al. 

As a result of the provision of this conductor plate 
(metal plate) 101c to form the mirror image 91 of the 

so antenna 101b at the close distance of d » about 20 mm 
or less to the spirally shaped or coil-shaped antenna 
101b, magnetic fields at points at distances of r1 and r3 
from the sides of the antenna (loop antenna) 101b 
excited at 13 56 MHz in a vertical direction to cause a 

25 current I to flow through the antenna and magnetic 
fields at points at distances of rV and r3" from the sides 
of the mirror image 91 formed at a distance of 2d from 
the antenna (loop antenna) 101b are synthesized as 
shown in FIG. 6. 

30 The magnetic field at a distance of D[m] upward 
from the reader and/or writer is measured with a meas- 
uring loop antenna (a square loop antenna of which 
each side is 61.6 cm long), and its field intensity equiv- 
alent (a>nSHz x AF)[dBuv7m] is obtained, as illus- 

35 trated in FIG. 7. FIG. 7 shows, with the spirally shaped 
or coil-shaped antenna (loop antenna) 101b, of which 
the maximum external dimensions are 30 mm x 30 mm, 
the number of turns [T] is 5 and the current is = 1.0 
[Arms], the result of simulation of the relationship 

40 between the distance D[m] upward from the reader 
and/or writer and the field intensity [dBuV/rn] at that dis- 
tance with respect to a case in which the conductor 
plate (metal plate) 1 01 c is absent and to cases in which 
the conductor plate (metal plate) 101c is present and d 

45 - 5 [mm], d = 20 [mm], and d = 50 [mm]. FIG. 7 shows 
that where the conductor plate (metal plate) 101c is 
present, the field intensity is reduced more conspicu- 
ously, as the upward distance D increases, than where 
the conductor plate (metal plate) 101c is absent. As the 

so distance d between the loop antenna 101b and the 
metal plate 101c decreases from 50 [mm] through 20 
[mm] to 5 [mm], the field intensity is reduced when the 
upward distance D is large. 

The Radio Law requires that the field intensity at D 

55 =3 [mj be 54 [dBuV/m]. 

Therefore, if, at D = 3 |m], the distance d between 
the loop antenna 10b and the metal plate 101 c is set at 
5 [mm] or less, the field intensity is reduced by at least 
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41 [dBuV/m] compared to the case where the metal 
plate is absent 

Then, if, for instance, the distance d between the 
loop antenna 101b and the metal plate 101c is set at 5 
[mm] or less, and when the distance between the loop 5 
antenna 101b and the IC card 2 is set at a few cm or 
less, it is possible to feed power from the loop antenna 
101b to the card antenna 201 until the electric field 
intensity is up to about 190 [dBuV/m] or more. If, for 
example, the distance d between the loop antenna 101b 10 
and the metal plate 101c is set at 20 [mm], and when 
the distance between the loop antenna 101b and the IC 
card 2 is set at a few cm or less, it is possible to feed 
power from the loop antenna 101b to the card antenna 
201 until the field intensity is up to about 180 [dBuV/m] 1$ 
or more. 

In order to satisfy the requirement of the Wireless 
Telegraphy Act (54 [dBuV/m] at D = 3 [m])in the 
absence of the metal plate, it will be necessary to bring 
down the field intensity based on the power fed from the 20 
loop antenna 101b to the card antenna 201 to about 120 
[dBuV/m] or less. However, by installing the metal plate • 
101c on the back side of the loop antenna 101b as 
stated above, the requirement of the Wireless Telegra- 
phy Act regarding the radiated field intensity (500 fiA/m 25 
at a distance of 3 m) is satisfied and sufficient power is 
fed to the IC card 2. 

Also, as illustrated in FIG. 6, by the provision of the 
conductor plate (metal plate) 101c to form the mirror 
image 9Tof the antenna 101b at a close distance of d * 30 
about 20 mm or less to the spirally shaped or coil- : 
shaped antenna 101b, electromagnetic fields (mainly 
electric fields) at points at distances of r1 and r3 from 
the sides of the antenna (loop antenna) 101 b excited at 
13.56MH2inasidedirectiontocauseacurrentltoflow 35 
through the antenna, and electromagnetic fields (mainly . 
electric fields) at points at distances of rV and r3' from 
the sides of the mirror image 91 formed at a distance of 
2d from the spirally shaped or coil-shaped antenna 
(loop antenna) 101b are synthesized, Thus, a field 40 
intensity of [dBuV/m] in a position 3[m] sideways from 
the loop antenna 101 b is as shown in FIG. 8. FIG. 8 also 
shows, with the spirally shaped or coil-shaped antenna 
(loop antenna) 101b, of which the maximum external 
dimensions are 30 mm x 30 mm, the number of turns [T] 45 
is 5, and the current Is = 1 .0 [Arms], the result of simu- 
lation of the relationship of the field intensity [dBuV/m] in 
a position 3 [m] sideways from the loop antenna 1 01 b to 
an angle $ around the loop antenna 101b with respect : 
to a case in which the conductor plate (metal plate) so : 
101c is absent and cases in which the conductor plate 
(metal plate) 101c is present and d = 5 [mm], d = 10 
[mm], d = 20 [mm], d = 30 [mm], d = 40 [mm], and d = 
50 [mm]. As shown in FIG. 8, where the conductor plate 
(metal plate) 101c is present, the field intensity is 55 
reduced by a minimum of 45 [dBuV/m] even when d « 
50 [mm] compared to the case where the conductor 
plate (metal plate) 101c is absent. Thus, by providing 



the metal plate 101c on the back side of the loop 
antenna 101b, the requirement of the Radio Law (54 
[dBuV/m] of field intensity at D = 3 [m]) is readily satis^ 
tied in the side direction rather than in the vertical direc- 
tion from the loop antenna 101b. 

Similar values to the results of simulation regarding 
the field intensity in the presence and absence of the 
metal plate in FIGS. 7 and 8 were confirmed in experi- 
ments. 

As has been described above, by providing the 
metal plate 101c on the back side of the loop antenna 
101b. it is ensured that the radiated electric field satis- 
fies the requirement of the Wireless Telegraphy Act (500 
dBuV/m at D = 3 m) in every direction of the loop 
antenna 101b and, moreover, that sufficient power is ted 
to the card antenna 201 of the IC card 2. 

Obviously, a field intensity for the modulated wave 
for data communication radiated from the loop antenna 
101b readily satisfies the requirement of the Radio Law 
(500 dBuV/m at D = 3 m) because it is lower than the 
power feeding wave. 

Described next will be a second embodiment of the 
antenna 101 provided on the reader and/or writer 1 
according to the present invention. FIG. 9 illustrates the 
basic concept of the second embodiment of the antenna 
101, which is configured by connecting a spirally 
shaped or coil-shaped image antenna (image loop 
antenna) 10 1d to a spirally shaped or coil-shaped 
antenna 101b in its mirror image position. As shown in 
FIG. 9, the current to flow through the antenna 1 01b and 
the current to flow through the image antenna 101d are 
made inverse in direction to each other. By using such 
configuration, it is ensured that the image antenna 101d 
performs the same function as the mirror image 91, 
which is formed by the metal plate 101c in the first 
embodiment, that the radiated electric field satisfies the 
requirement of the Wireless Telegraphy Act (500 
dBuV/m at D = 3 m) in every direction of the loop 
antenna 101b and, moreover, that sufficient power is fed 
to the card antenna 201 of the IC card 2. In this case, it 
is necessary to coordinate the high-frequency current of 
13.56 MHz to flow through the antenna 101b and the 
high-frequency current of 13.56 MHz to flow through the 
image antenna 1 01d to be either the same in direction 
and reverse in phase, or reverse in direction and the 
same in phase. Therefore, it is necessary to determine 
the coil lengths so that the high-frequency current of 
13.56 MHz to flow through the antenna 101b coincides 
in phase with the high-frequency current of 13.56 MHz 
toflowthrough the image antenna 101d. 

FIG. 10 is a perspective view of an example in 
which the antenna 101b and the image antenna 101d 
are driven by separate amplifiers 109a and 109b, 
respectively. By using such configuration and inputting 
high-frequency signals of the same 13.56 MHz to the 
drive amplifiers 109a and 109b. the currents to flow 
through the antennas 101b and 101d easily coincide in 
phase. 
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As has been described above, while the first 
embodiment prevents generation of a magnetic field on 
the back side of the metal plate 101c. the second 
embodiment allows generation of a similar magnetic 
field to that on the front side on the back side of the 
image antenna 10ld. If this magnetic field causes trou- 
ble, it will be necessary to provide a conductor plate 
such as a metal plate on the back side ot the image 
antenna 101d to thereby prevent a generated magnetic 
field from reaching an area remote from the back side of 
the image antenna 101d. 

Further, while both the feeding of power and the 
transmission/reception ol communications using elec- 
tromagnetic waves (wireless) shown in FIG. 3 consist- 
ing of a power feeding wave and a modulated wave for 
data communication, between the reader and/or writer 
antenna 101 provided on the Reader and/or writer unit 
1 and the card antenna 201 formed on the IC card 2 
have been described in the first second embodiments 
mentioned above, the present invention is also effective 
in the feeding of power using an electromagnetic wave 
consisting only of a power feeding wave. For communi- 
cation in this case, transmission/reception is performed 
using antennas provided separately for the reader 
and/or writer unit 1 and the IC card 2. 

Next, the relationship between the sizes of the 
antenna 101b and metal plate 101c which satisfies the 
requirement of the Radio Law at a distance of 3 m and 
the distance between the antenna 101b and metal plate 
101c will be described. 

FIG. 1 1 shows a result of an experiment on an elec- 
tric field intensity E generated at a distance of 3 m from 
a reader and/or writer which is provided with a circular 
antenna 101b having a radius of a[m] and a conductor 
plate 101c provided on the back of the antenna 101b 
when a • tan 6 which prescribes the relationship 
between the sizes of the antenna 101b and metal plate 
101c and the distance between the antenna 101b and 
metal plate 101c was changed. Note that the relation- 
ship a • tan e represents a ratio of the distance 
between the antenna 101b and the metal plate 101c to 
a dimension of that portion of the metal plate 101c 
which extends further from the footprint of the antenna 
101b. FIG. 1 1 also shows a result of an experiment on 
each of products of a current which flows through the 
antenna and its number of turns. 

As will be seen in FIG. 11, as a * tan 0 increases, 
or the product of the antenna current and its number of 
turns increases, the electric field intensity E increases. 
Thus, a • tan 0 is required to be 0.2 or less in order to 
maintain an electric field intensity E at a distance of 3 m 
from a reader and/or writer of 50 [ma • T] or more lower 
than 54 dBuV/m or less which is prescribed by the 
Radio Law, 

While in FIG. 1 1 the experiment (simulation) was 
performed, using antennas of sizes a = 0.03, 0.05, 0.07, 
0.10, 0.15 and 0.20 [m], even use of antennas of other 
sizes indicate substantially the same characteristics as 



those of FIG. 1 1 if the length of the antenna line is 3 cm 
- 3 m because the length of the antenna line is negligible 
compared to the wavelength (22 m) (13.56 MHz) of the 
power feeding wave applied to the reader and/or writer. 
5 This applies likewise to results of the following experi- 
ments. 

FIG. 12 shows a result of an experiment on an elec- 
tric field intensity E generated at a distance of 3 m from 
a reader and/or writer which is provided with a rectangu- 

io lar antenna 101b having a side of a [m] and a conductor 
plate 10ic provided on the back of the antenna 101b 
when a • tan e which prescribes the relationship 
between the sizes of the antenna 101b and metal plate 
101c and the distance between the antenna 101b and 

is metal plate 101c was changed. FIG. 12 also shows a 
result of an experiment on each of products of a current 
which flows through the antenna and its number of 
turns. 

As will be seen in FIG. 12, as a • tan 0 increases, 
20 or the product of the antenna current and its number of 
turns increases, the electric field intensity E increases. 
Thus, a • tan 0 is required to be 0.2 or less in order to 
maintain an electric field intensity E at a distance of 3 m 
from a reader and/or writer of 50 [ma • 7] or more lower 
25 than 54 dBuV/m or less which is prescribed by the 
Radio Law. 

As will be seen from the comparison of FIGS. 11 
and 12, the electric field intensity E does not extremely 
change depending on the shape of the antenna used, 

30 but relates to an area (through which the magnetic flux 
passes) formed by the outermost component of the 
antenna. Thus, in the case of other antenna shapes, the 
a • tan 9 is required to be 0.2 or less in a cross section 
of a place where the distance between the conductor 

35 plate edge 101c and the outermost component of the 
antenna 101b is minimum. 

With the antenna like those of FIGS. 11 and 12, it 
has been confirmed that a satisfactory magnetic field 
intensity is obtained at a distance of about 20 cm or less 

40 from the reader and/or writer on the basis of its antenna 
current and its number of turns. 

According to the present invention, in a reader 
and/or writer which feeds power to a proximate IC card, 
using an electromagnetic wave (wirelessly), it is possi- 

45 ble to feed power which satisfies the requirement of the 
Radio Law in every direction of the antenna and moreo- 
ver operates the proximate IC card stably. 

Also, according to the invention, in a power feeding 
system which feeds power from a reader and/or writer 

so to a proximate IC card, using an electromagnetic wave 
(wireless), it is possible to feed to the IC power which 
satisfies the requirement of the Radio Law in every 
direction of the antenna and moreover operates the 
proximate IC card stably. 

55 Also, according to the invention, in a reader and/or 
writer which feeds power to and communicates with a 
proximate IC card, using an electromagnetic wave 
(wirelessly) radiated by a single antenna, it is possible to 
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feed to the IC card power which satisfies the require* ■:■ 
ment of the Radio Law in every direction of the antenna 
and operates the proximate IC card stably to thereby 
perform stable communication with the IC card- 
Also according to the invention, there is achieved, 5 
by providing a conductor plate under the antenna, a 
shielding effect which ensures, even if a high-frequency 
electronic circuit is configured further under the high- , 
frequency electronic circuit, stable operation of the elec- 
tronic circuit not subject to the effect of electromagnetic 10 
waves (noise). . •• 

Claims 

1 . A reader and/or writer apparatus comprising a spi- 15 
rally shaped or coil -shaped antenna (101b) for gen- 
erating an electromagnetic field : to supply 
operational power to an IC card (2), and a conduc- 
tor member (101c) for forming a mirror image of the 
antenna. 20 

2. A reader and/or writer apparatus comprising a spi- 
rally shaped or coil-shaped antenna (101b) for gen- 
erating electromagnetic fields both to supply 
operational power to an IC card (2) and to transmit 25 
and/or receive signals for communication to and/or 
from the IC card, and a conductor member (101c) 

for forming a mirror image of the antenna. 

3. The reader and/or writer apparatus according to 30 
claim 2, comprising a power supply (1 05) for gener- 
ating a signal for power feeding, an encoding circuit 
(107) for encoding inputted transmit data, a modu- 
lator (108) for amplitude-modulating the signal 
obtained from the power supply with a signal 35 
obtained from the encoding circuit so that the signal 
obtained from encoding circuit is superimposed on 
the signal obtained from the power supply, and a 
power feeding circuit (109, 103, 102) for feeding 
power to an antenna (10 1b) on the basis of a signal 40 
obtained from the modulator. 

4. A reader and/or writer apparatus comprising a spi- 
rally shaped or coil-shaped antenna (101b) for gen- 
erating an electromagnetic field to supply 45 
operational power to an IC card (2) and a spirally . 
shaped or coil-shaped image antenna which consti- 
tutes a mirror image of the former antenna. 

5. A reader and/or writer apparatus comprising a spi- so 
rally shaped or coil-shaped antenna (101b) for gen- 
erating electromagnetic fields both to supply 
operational power to an I C card (2) and to transmit 
and/or receive signals for communication to and/or 
from the IC card and a spirally shaped or coil- ss 
shaped image antenna (101d) which constitutes a 
mirror image of the former antenna. 



6. The reader and/or writer apparatus according to 
claim 5, comprising a power supply (1 05) for gener- 
ating a signal for power feeding, an encoding circuit 
(107) for encoding inputted transmit data, a modu- 
lator (108) for amplitude-modulating the signal 
obtained from the power supply with a signal 
obtained from the encoding circuit so that the signal 
obtained from encoding circuit is superimposed on 
the signal obtained from the power supply, and a 
power feeding circuit (109) for feeding power to an 
antenna (101b) and an image antenna (101d) on 
the basis of a signal obtained from the modulator. 

7. A power feeding system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1 ) to an IC card (2), for converting, in the 
IC card, the fed power to a D.C. voltage and for sup- 
plying said D.C. voltage to an internal circuit of the 
IC card, the reader and/or writer apparatus includ- 
ing a spirally shaped or coil-shaped antenna (101b) 
for generating an electromagnetic field to supply 
operational power to the IC card and a conductor 
member (101c) for forming a mirror image of the 
antenna. 

8. A communication system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2) and for performing 
transmission and/or reception of signals for com- 
munication to and/or from the IC card, the reader 
and/or writer apparatus including a spirally shaped 
or coil-shaped antenna (101b) for generating an 
electromagnetic field both to supply operational 
power to the IC card and to perform transmission 
and/or reception of signals for communication to 
and/or from the IC card and a conductor member 
(101c) for forming a mirror image of the antenna. 

9. The communication system according to claim 8, 
wherein said reader and/or writer apparatus 
includes a power supply (105) for generating a sig- 
nal for power feeding, an encoding circuit (107) for 
encoding inputted transmit data, a modulator (108) 
for amplitude-modulating the signal obtained from 
the power supply with a signal obtained from the 
encoding circuit so that the signal obtained from 
encoding circuit is superimposed on the signal 
obtained from the power supply, and a power feed- 
ing circuit (109) for feeding power to an antenna 
(101b) on the basis of a signal obtained from the 
modulator. 

1 0. A power feeding system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2) for converting, in the 
IC card, the fed power to a D.C. voltage, and for 
supplying this voltage to an internal circuit of the IC 
card, the reader and/or writer apparatus including a 
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spirally shaped or coil-shaped antenna (101b) for 
generating an electromagnetic field to supply oper- 
ational power to the IC card and a spirally shaped 
or coil-shaped image antenna (101d) which consti- 
tutes a mirror image of the former antenna. 5 

11. A communication system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2) and for performing 
transmission and/or reception of signals for com- 10 
munication to and/or from the IC card, the reader 
and/or writer apparatus including a spirally shaped 

or coil-shaped antenna (101b) for generating an 
electromagnetic field both to supply operational 
power to the IC card and to perform transmission 15 
and/or reception of signals for communication to 
and/or from the IC card and a spirally shaped or 
coil-shaped image antenna (101d) which consti- 
tutes a mirror image of the former antenna. 

so 

12. The communication system according to claim 11, 
wherein said reader and/or writer comprises a 
power supply (105) for generating a signal for 
power feeding, an encoding circuit (107) for encod- 
ing inputted transmit data, a modulator (108) for 25 
amplitude-modulating the signal obtained from the 
power supply with a signal obtained from the 
encoding circuit so that the signal obtained from 
encoding circuit is superimposed on the signal 
obtained from the power supply, and a power feed- so 
ing circuit (109) for feeding power to an antenna 
(101b) and an image antenna (10ld) on the basis 

of a signal obtained from the modulator. 

13. A power feeding system for feeding power, using 35 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2), for converting, in the 

IC card, the fed power to a D.C. voltage and for sup- 
plying said voltage to an internal circuit of the IC 
card, the outermost dimensions of a spirally shaped 40 
or coil-shaped antenna (101b), provided in the 
reader and/or writer apparatus, for generating an 
electromagnetic field to supply operational power to 
the IC card being smaller than the outermost 
dimensions of a spirally shaped or coii-shaped 45 
image antenna (201) formed in the IC card. 

14. A communication system for feeding power, using 
electromagnetic waves, from a reader andyor writer 
apparatus (1) to an IC card (2) and for performing so 
transmission/reception of signals for communica- 
tion to/from the IC card, outermost dimensions of a 
spirally shaped or coil-shaped antenna (101b), pro- 
vided in the reader and/or writer apparatus, for gen- 
erating electromagnetic waves both to supply 55 
operational power to the IC card and to perform 
transmission and/or reception of signals for com- 
munication to and/or from the IC card being smaller 



than outermost dimensions of a spirally shaped or 
coil-shaped image antenna (201) formed in the IC 
card. 

15. A reader and/or writer apparatus (1) comprising an 
antenna for generating an electromagnetic wave to 
feed power to an IC card (2), and a conductor mem- 
ber (101c) disposed so that a • tan 6 is 0.2 or less 
where a is a dimension of the antenna in a position 
where the distance between an outermost element 
of the antenna and an edge of the conductor mem- 
ber is minimum and 0 is an angle formed between 
the conductor member and a line which connects 
the outermost component of the antenna with the 
edge of the conductor member, 

16. The reader and/or writer apparatus according to 
claim 15, wherein the antenna (101b) both feeds 
power to the IC card and performs transmission 
and/or reception of a communication signal to 
and/or from the I C card. 

17. A power feeding system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2), for converting, in the 
IC card, the fed power to a D.C. voltage and for sup- 
plying this D.C. voltage to an internal circuit of the 
IC card, the reader and/or writer apparatus includ- 
ing a spirally shaped or coil-shaped antenna (101b) 
for generating an electromagnetic field to supply 
operational power to the IC card and a conductor 
member (101c) disposed so that a • tan 0 is 0.2 or 
less where a is a dimension of the antenna in a 
position where the distance between an outermost 
component of the antenna and an edge of the con- 
ductor member is minimum and 6 is an angle 
formed between the conductor member and a line 
which connects the outermost component of the 
antenna with the edge ot the conductor member. 

18. A communication system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2) and for performing 
transmission and/or reception of signals for com- 
munication to and/or from the IC card, the reader 
and/or writer apparatus (1) including an antenna for 
generating an electromagnetic wave to feed power 
to the IC card (2), and a conductor member (101c) 
disposed so that a • tan 0 is 0.2 or less where a is 
a dimension of the antenna in a position where the 
distance between an outermost element of the 
antenna and an edge of the conductor member is 
minimum and 0 is an angle formed between the 
conductor member and a line which connects the 
outermost component of the antenna with the edge 
of the conductor member. 

19. A reader and/or writer apparatus comprising a spi- 
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rally shaped or coil-shaped antenna (101b) for gen- 
erating an electromagnetic wave to feed power to 
an IC card (2) and a conductor member (101c) for 
forming a mirror image of said antenna to suppress 
an electric field intensity at a position at least 3 s 
meters distant from said antenna. 

20. A reader and/or writer apparatus comprising a spi- 
rally shaped or coil-shaped antenna (101b) for gen- 
erating an electromagnetic wave both to feed power 10 
to an IC card (2) and to perform transmission and/or 
receiption of a communication signal to and/or from 
the IC and a conductor member (101c) for forming 

a mirror image of said antenna to suppress an elec- 
tric field intensity at a position at least 3 meters dis- 15 
tant from said antenna. 

21. A power feeding system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2), for converting, in the 20 
IC card, the fed power to a D.C. voltage and for sup- 
plying this voltage to an internal circuit of the IC 
card, the reader and/or writer apparatus including a 
spirally shaped or coil-shaped antenna (101b) for 
generating an electromagnetic wave to feed power 25 
to the IC card and a conductor member (101c) for 
forming a mirror image of said antenna to suppress 

an electric field intensity at a position at least 3 
meters distant from said antenna. 

•v.: 30 

22. A communication system for feeding power, using 
electromagnetic waves, from a reader and/or writer 
apparatus (1) to an IC card (2) and for performing 
transmission and/or reception of signals for com- 
munication to and/or from the IC card, the reader 35 
and/or writer apparatus including a spirally shaped 

or coil-shaped antenna (101b) for generating an 
electromagnetic wave both to feed power to the IC 
card and to perform transmission and/or reception 
of a communication signal to and/or from the IC and 40 
a conductor member (101c) for forming a mirror 
image of said antenna to suppress an electric field 
intensity at a position at least 3 meters distant from 
said antenna. 
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